This study investigated immunophenotypic differences in intracellular thiol redox 30 state of peripheral blood mononuclear cells (PBMCs) isolated from trained (TR, n=9, mean ± 31 SD: age 28 ± 5 years; BMI 23.2 ± 2.6 kg·m 2 ; ̇O 2max 56.9 ± 6.1 ml·kg -1 ·min -1 ) and 32 recreationally active (RA, n=11, mean ± SD: age 27 ± 6 years; BMI 24.2 ± 3.7 kg·m 2 ; ̇O 2max 33 45.1 ± 6.4 ml·kg -1 ·min -1 ) participants before and after a maximal aerobic exercise tolerance 34 test. Blood samples were taken before (PRE), during (sample acquired at 70% HR max ), 35 immediately (POST+0) and 15 minutes post-exercise (POST+15). PBMCs were isolated and 36 reduced thiol analysis (fluorescein-5 maleimide (F5M)) by immunophenotype (CD3+, CD4 + 37 and CD8 + ) was performed using flow cytometry. A significant increase in cellular F5M 38 fluorescence was observed in CD3 + T-cells at POST+0, with changes driven to a greater 39 extent by CD8 + T-cells (fold change in both groups CD4: +2.3, CD8: +2.8; p<0.05). Further 40 analysis revealed a population of highly reduced CD8 + T-cells (CD8 + T-reduced + ) that 41 significantly increased from PRE to POST+0 in RA participants only (RA: +272 cell/µL, 42 p<0.05). To further understand these results, CD8 + T-reduced + and CD8 + T-reducedcells were 43 analysed for immunophenotype in response to the same exercise protocol (n=6, mean ± SD: 44 age 24 ± 5 years; BMI 25.7 ± 4.1 kg·m -2 ; ̇O 2max 41.33 ± 7.63 ml·kg -1 ·min -1 ). CD8 + T-45 reduced + had significantly less lymphoid homing potential (CCR7) POST+0 compared to 46 PRE. This study is the first to demonstrate that lymphocyte populations become more 47 reductive in response to acute exercise. 48 49 Downloaded from www.physiology.org/journal/jappl by ${individualUser.givenNames} ${individualUser.surname} (137.
Introduction
8 conjunction with a plateau in oxygen consumption with an increase in work load: volitional 174 exhaustion; a respiratory exchange ratio of ≥1.15; heart rate within 10 beats·min -1 of the age-175 predicted maximal heart rate (220 -age) (16) . Upon completion of the exercise test, 176 participants rested in a seated position for 15 minutes before the final blood sample was 177 obtained. Jurkat immortalised T-cell line (ATCC, Middlesex, UK) was maintained in 1640 adjusted to contain 10% (v/v) foetal calf serum, 2 mM L-glutamine and 100 U/ml 194 penicillin /100 mg/ml streptomycin. Redox balance was perturbed by adding 0.1 mU/mL 195 glucose oxidase to 2 x 10 6 Jurkat cells (14) . The cells were incubated for four hours with 196 samples taken at the start (T0), after 1 hour (T1) and after 4 hours (T4). The samples were 197 washed with phosphate buffered saline (PBS) and then incubated for 20 minutes with F5M (0.1 µM) in the dark at 4°C, followed by two washes with FACS buffer. The concentration of 199 F5M was determined through titrations (0-10 µM) during pilot analysis to optimise the 200 fluorescent signal on FL-1 FITC (data not shown). The F5M-labelled cells were subjected to 201 flow cytometric analysis (Guava easyCyte, Millipore UK Ltd, Hertfordshire, UK). F5M MFI 202 was monitored by the λ488 nm laser and λ525/30nm detector (FL1 channel). Cell viability 203 was evaluated using trypan blue. Reduced: oxidised ratios of GSH:GSSG in PBMCs were quantified using a 240 commercially available kit (Sigma Aldrich, CS0260, Dorset, UK), following minor 241 modifications. Samples were prepared as described above (n=6). On the day of analysis, 242 NEM (GSSG) and PBS-stained pellets (total glutathione) were thawed on ice and then 50 µL 243 of Sulfosalicylic acid (5%) added to each pellet. Cells were rapidly freeze-thawed in liquid 244 nitrogen and a 37ºC water bath twice respectively, followed by centrifugation at 10,000 g for 245 10 minutes. The supernatant was extracted and then loaded (10 µL) onto a 96-well microtiter 246 plate with known reduced glutathione (GSH) standards (0-50 µM) in duplicate. A working 247 solution (150 µL) of 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB, 1.5 mg/ml) and glutathione reductase (6 units/ ml) was added to each well and left for 5 minutes at room temperature.
249
Nicotinamide adenine dinucleotide phosphate (NADPH, 50 µL) was then added to each well, 250 and the rate of DTNB reduction to 2-nitro-5-thiobenzoate (TNB) monitored by recording the 251 change in absorbance every minute for 5 minutes at λ412. Nanomoles of GSH in each sample 252 were determined for both NEM and PBS pre-incubated samples to determine GSSG and total 253 glutathione concentrations respectively. GSH concentration was determined by subtracting 254 GSSG from total glutathione concentration, and a subsequent ratio of GSH: GSSG used to 255 determine half-cell reduction potential (Ehc/ mV) using the Nernst equation (36). 
Results

293
Flow cytometric assay optimization 294 Jurkat cells exposed to 0.1 mU/ml glucose oxidase showed a F5M MFI increase from 295 1059 ± 203 (n=3) to 1569 ± 380 (n=3) after 1 hour (T1) compared with the start (T0). After 4 296 hours of incubation (T4) the F5M MFI decreased to 788 ± 211 (n=3) ( Figure 1A) . Normalised 297 values (T n /T 0 ) illustrate an increase in F5M at T1 compared to T0 and a decrease at T4 ( Figure 1B ). Since F5M reacts specifically with reduced thiols, these data indicate reductive 299 stress at T1 and oxidative stress at T4 ( Figure 1B Collectively, the present data suggests that immediately after a single bout of exercise, 372 peripheral blood is composed of more CD8 + T-reduced + cells that have a lower expression of 373 CCR7, relative to CD8 + T-reduced -.
374
It is well documented that exercise of sufficient intensity and duration can induce a shown that the increased availability of low molecular weight reduced protein thiols such as expressed on activated T-cells that downregulates antigen-mediated T-cell activation.
470
Interestingly, elevated PD-1 expression has been observed in many cancers (17, 21, 27) , with 471 subsequent T-cell exhaustion promoting poor anti-tumor responses. 472 We have validated a flow cytometry method in vitro (Figure 1) , indicating that a standard advanced proteomic analysis can be used to determine modifications to solvent accessible 480 thiol proteins that may alter cellular function (see supplementary information).
481
We must acknowledge some potential limitations to the present study. The application of 482 F5M in highly diverse biological samples such as human PBMCS is subject to some subtle 483 differences in membrane permeability, cross-reactivity with other nucleophiles (e.g. with 484 primary and secondary amines) and probe hydrolysis, the latter two of which are pH 485 dependent (pH>7.5). Decreases in lymphocyte pH (7.4) following a ̇O 2max test would likely 486 be minimal (10, 26), however, whereby our method is applied to more prolonged exercise 487 models, subtle changes in pH should be accounted for. In line with this comment, it must also 488 be noted that our results only reflect immune thiol redox state changes in response to a 489 ̇O 2max test, and not bouts of exercise that are more prolonged and sustained at moderate or 490 high intensity. Future work is needed to clarify our current findings in response to more 491 conventional types of exercise. Copyright © 2018 American Physiological Society. All rights reserved.
